Abstract. Eleven healthy volunteers took part in three sessions where computer work was performed for 10 min in each session. The recordings were made on two consecutive days. After the first session, the subjects underwent a series of high intensity eccentric exercises of shoulder elevation to induce muscle soreness. The second session was performed immediately after the exercises and third session 24 hours after the exercise. Surface electromyography (EMG) of descending and ascending trapezius, deltoideus anterior and serratus anterior was recorded. Exposure variation analysis (EVA) centroid and marginal distribution was computed. Principle component analysis (PCA) was performed on both cases. Describing more than 80% of variance, first eight components for EVA marginal distributions and first four ones for EVA centroid were picked to be investigated. The sole EVA amplitude levels played a practically significant role to describe the variation in EVA marginal distribution. However, a significant pattern of load redistribution to superficial muscles was not found. This may suggest investigating the role of deep muscles in redistribution of load during computer work in response to high level eccentric contractions.
Introduction
In response to altered sensory information due to e.g. muscle fatigue or experimental pain, a reorganization of muscular activity pattern in trapezius has been reported in several studies [2, 8] . Particularly, an increase of muscular load has been observed in the ascending trapezius, anterior deltoid and serratus anterior when descending trapezius rendered the source of biofeedback [13] . We have limited knowledge concerning muscle soreness and motor control interaction in the shoulder girdle muscles during precision tasks like computer work.
Delayed onset muscle soreness (DOMS) can be induced by performing bouts of excessive eccentric exercises in an experimental setup. This furnishes a reliable framework to study some aspects of the muscle pain and musculoskeletal disorders [12, 17, 19] . Inducing DOMS in an experimental setup may be reminiscent of different phases of the muscle damage [3] which may cause changes in the pattern of muscle activity and/or redistribution of physical load to other synergistic muscles [16] .
If the processing of electromyographic (EMG) signals can discriminate between different phases of mimicked muscle damage, a designing framework for a biofeedback system can be established [14] . The system alerts a warning signal, for example, when the pattern of muscle activity gets close to that of damaged muscles during computer work.
Exposure variation analysis (EVA) presents a thorough estimation of physical exposure in occupational setups [11] . However, different methods have been suggested to extract relevant information from EVA [4, 15] . Principle component analysis is a mathematical tool to extract a reduced space of a few uncorrelated factors from multiple correlated variables. The first principal component accounts for as much of the variability in the data as possible and each succeeding component accounts for as much of the remaining variability as possible. As a constraint, all of these components get to be mutually orthogonal. Therefore, PCA can be utilized to reduce information from EVA in an optimal way.
In the current study, we investigated the changes in the pattern of muscle activity in presence of DOMS and compare it to the baseline. We hypothesized that there would be a systematic redistribution of workload in presence of DOMS.
Methods and subjects

Subjects
Eleven male subjects (aged 25.3±5.0 years; height 177.9±5.8 cm; body mass 69.8±6.4 kg, BMI 22.0±1.3 kg/m2) participated in the present study. Informed consent was obtained from each subject. All participants reported no pain in the shoulder region prior to the experiment and had no history of neck-shoulder disorders. All subjects maintained normal daily activity during the course of the study. None had participated in strength training in the past month. The study was approved by the local ethics committee (No. N-20070004) and conducted in accordance with the Declaration of Helsinki.
Experimental protocol
The experiment was performed over two consecutive days. The procedure composed of computer work performed before, immediately after and 24 hours after eccentric exercises. These three time instances were named here as sessions. Once the subjects had received instructions and surface electromyogram (SEMG) electrodes were placed (see below). The following steps were sequentially repeated before (session one), immediately after (session two) and 24 hours after (session three) eccentric exercises aiming at assessing muscle activation in respectively, a fresh, fatigued and sore trapezius muscle.
Resting contraction
The resting level of EMG was calculated from 1 min of instructed rest with both hands on the laps. The period of 5 s with lowest RMS value during the instructed rest was quadratically subtracted as defined in [1] from all other EMG signals.
Reference contraction
The subjects were seated upright on a comfortable chair with their palms towards the ground looking straight forward. In this position, they were asked to perform one reference contraction consisting of bilateral arm abduction at 90° in the frontal plane for 5 s [10] .
Computer work
Ten minutes of standardized computer work was performed [15] . It consists of duplicating various graphs showing six circular targets linked to each other by straight lines including a start target (bold circle) displayed on the upper right corner of a computer screen (pixel resolution: 0.3 mm, screen resolution: 1024×768 pixels). Once the two graphs were identical, a new graph appeared. The time allowed for completing a graph was 12 seconds at low work pace, and eight seconds for the high work pace.
Eccentric exercises
During each eccentric contraction subject had to counteract the vertical force exerted by a dynamometer as much as possible over previously defined shoulder range of motion. The subject raised both shoulders and wearing a corset during the exercise to avoid lateral bending [9] .
The eccentric exercise protocol used to induce DOMS and consisted of 50 eccentric contractions of right shoulder which was divided into 5 bouts including 10 contractions at maximum voluntary contraction level and the bouts were separate by 2 min resting period. The maximum voluntary contraction was measured under the same dynamometer right before the exercises.
Data recording and processing
EMG was collected from four sites, namely, descending and ascending parts of trapezius muscle, deltoideus anterior and serratus anterior. Bipolar surface electrodes were aligned (inter-electrodes distance of 2 cm) along the direction of the muscle fibers. Electrodes were placed (i) ~20% lateral to the midpoint between the acromion and the C7 vertebra for the descending part, (ii) ~33% medial to the midpoint between the medial scapular and the T8 vertebra for the ascending part (iii) within the elongated oval area 2 cm below the lateral end of the clavicle for deltoid anterior (iv) on the fourth rib from the top on the midaxillary line for serratus anterior. The ref-
Along the time and amplitude levels, the marginal distributions of EVA were computed by summing up its cells along the time and amplitude, beside that the EVA centroid location was extracted. Principle component analysis (PCA) was performed on both cases. Describing more than 80% of variance, first eight and four components were picked to be investigated for EVA marginal distributions and centroid respectively. Each component is composed of a linear transformation of EVA marginal distributions in the first case and EVA centroid in the second case. These values are known as "variables" in this context. As a rule of thumb, practical significant loadings in the transformation are larger than 0.5, and in turn, the corresponding variable has significant contribution to that component [5] .
Statistics
The practically significant PCA variables violated normality across the sessions (Shapiro-Wilk test). Therefore, Friedman test was performed to investigate the possible effect of the session on the variables. P<0.05 was considered significant.
Results
According the method described above, the significant variables were specified for designated components.
EVA marginal distributions
Eight designated components described ~81% of total variance in the data set. Following variables contributed significantly to the designated components, all the significant variables were found along the amplitude levels: Figure 1 shows the variation of these variables across the sessions.
EVA centroid
Four designated components described ~85% of total variance in the data set. Following variables contributed significantly to the designated components. Figure 2 shows the EVA centroid in the plane of the amplitude and time levels across the sessions.
Discussion
A novel approach was proposed to assess the EVA representation of physical exposure during computer work. Similar processing scheme has been utilized by [4] but the current method has the novelty to investigate the practically significant variables of PCA analysis and elaborate on the application of EVA among computer users. PCA analysis of EVA marginal distribution indicated that practically significant variables are only along the amplitude levels and they are below 15% of reference contraction implying low contraction levels. This may support the studies which suggest that during computer work and low load tasks the attention has to be mainly paid to lower levels of contraction as they suggest to compute the relative rest time and believe that more reliable results can be achieved compared with EMG amplitude [7] .
Contrary to our hypothesis regarding a redistribution of load in response to altered sensory information, the results did not indicate a significant pattern implying the phenomenon. This is in accordance with our previous work on computer work and its interaction with pause type [16] . However, the recording time was shorter in that study, so longer recording time could have led to different results.
Generally, the assessment of a potential redistribution of shoulder muscle activity can be hard because of shoulder region complexity and the involvement of several synergistic muscles to provide the stability of shoulder girdle and glenohumeral joint [6] . This study only extracted the information form superficial muscles which can be studied using surface EMG, so the current results can not rule out any possible redistribution of load to deep muscles such as Rhomboid minor and major. These muscles have been suggested to take over the role of descending part of trapezius in response to biofeedback from upper part of trapezius [13] .
In our previous study, combining linear and nonlinear features of surface EMG did not discriminate between states of muscles in response to altered peripheral stimuli [14] . Along with that inconclusive result, the current processing framework cannot in its present form be used to establish a biofeedback system. This may be in line with the studies which have not found an association between the level of muscle activity in trapezius and pain symptoms among office workers [18] .
As a limitation of current study, we should note that the ratio between cases and variables is quite low in case of EVA marginal distributions PCA analysis. Besides, the limited subject pool does not provide a reliable statistical power for our test.
Otherwise, the trends of changes may have shown that for descending part of trapezius, the elapsed time in the first level of amplitude increased immediately after the exercise and then decreased to the baseline 24 hours after the exercise. This would be in line with our previous results during computer work where we showed a drop in EMG amplitude immediately after the exercise [14] . The non-significant results in the current study, however, might be due too coarse data reduction (few levels) or an undue dilution of data (many levels) in EVA analysis. This calls for developing methods to designate optimum levels of amplitude and time in EVA analysis. However, the challenge is to relate the selected levels of EVA to corresponding exposure levels and repetitiveness which are probably associated with the risk factors of musculoskeletal disorders. 
Conclusion
In summary, the study suggests a modified approach to analyze the EVA representation of exposure pattern but could not verify any sign of redistribution of load among other synergistic muscles. Further studies including deep muscles are required to investigate the redistribution of muscular load in response to DOMS during computer work.
